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AB Defects in GaN layers grown by metal organic chemical 

vapor deposition (MOCVD) have been investigated by generating etch pits. 
Using scanning electron microscopy (SEM), etch pits are found to form on 
the surface of GaN layers by localized avalanche breakdown using 
NaOH electrolyte. It is found that these etch pits correspond to 
nanopipes in GaN layers. The nanopipes etching 

by localized avalanche breakdown is found to become a simple method to 
detect nanopipes in GaN layers . 
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AB A nonlithographic technique that utilizes highly ordered anodized 

aluminum oxide porous membrane as template is presented as a general 
fabrication means for the formation of an array of vastly different 
two-dimensional lateral superlattices structures. Hexagonal close-packed 
nanopore arrays were fabricated on Si, GaAs, and GaN 

substrates via reactive ion etching. Quantum dot arrays of various metals 
and semiconductors were formed through evaporation and subsequent etching. 
The two-dimensional lateral superlattice structures fabricated using this 
method are of a high level of ordering, uniformity, and packing density. 
The diameter and periodicity of the nanostructures are determined by the 
features of the original alumina membrane, which can be adjusted by 
varying the anodization conditions. 
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AB Mesoporous alumina membranes ("anodic aluminum oxide", or "AAO") 
are made by anodic oxidation of aluminum metal. These 
membranes contain hexagonal arrays of parallel non-intersecting 
cylindrical pores perpendicular to the membrane surface. By varying the 
anodization voltage, the pore diams . are controllable within the 
range 5-250 nm. The authors have used AAO membranes as templates for the 
electrochem. deposition of metals within the pores to produce 
nanowires. These represent assemblies of one-dimensional quantum 
wires with prospective applications in electronic, optoelectronic, and 
magnetic devices. Detailed characterization of the structures of these 
nanowire assemblies on a variety of length scales is essential to 
understand their phys . properties and evaluate their possible 
applications. The authors have used EXAFS, XANES, WAXS, high energy x-ray 
diffraction, and SAXS to study their structure and bonding. In this 
paper, the authors report the results of their studies of four different 
nanowire systems supported in AAO membranes . These are the 
ferromagnetic metals iron and cobalt, the superconducting metal 
tin, and the semiconductor gallium nitride. Iron nanowires in 
pores of diameter over the range 12 nm-72 nm are structurally very similar to 
body centered cubic bulk iron. They have a strong preferred orientation 

within the 

alumina pores. Their XANES shows significant differences from that of 
bulk iron, showing that the electronic structure of the iron 
nanowires depends systematically on their diameter Cobalt 

nanowires are composed of a mixture of hep. and face centered cubic phases, 
but the 

ratio of the two phases does not depend in a simple way on the pore diameter 
or preparation conditions. In bulk cobalt, the face centered cubic p-phase 
is normally 



stable only at high temps. Strong preferred orientation of the c-axis in 
the pores was found. Tin nanowires in alumina membranes with 
pore diams. between 12 nm and 72 nm have a tetragonal p-structure at 
ambient temperature and also at 80 K. Magnetic susceptibility measurements 

-show 

that they are diamagnetic, and become superconducting at the same temperature 

as 

bulk tin (3.7 K) . Gallium nitride nanowires have been prepared in 
alumina membranes with pore diameter 24 nm by a novel method. Gallium 
nitrate was deposited in the pores from aqueous solution and thermolyzed at 
1000° to form Ga203, which was reacted with ammonia at 
1000°. The GaN nanowires have the wurtzite 

structure. Preparation at 1150° led to the incorporation of aluminum in 
the GaN. The mesoscopic ordering of the pores in the AAO 
membranes and their filling by metal nanowires has 

been studied by SAXS, which shows patterns of Bragg peaks arising from the 
pore arrays. Addnl., the cobalt nanowires have been the subject 
of an initial ASAXS study. 
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FIELD EMISSION CHARACTERISATION OF SILICON TIP ARRAYS 
COATED WITH GAN AND DIAMOND NANOPARTICLE CLUSTER 



M.Hajra 1 , N.N.Chubun 1 , AG.Chakhovskoi 1 , C.E.Hunt 1 , K.Liu\ A.Murali 2 , S H. Risbud 2 

T.Tyler 3 and V.Zhirnov 3 
Electrical and Computer Engineering Department University of California, Davis, CA 
2 Chemical Engineering and Materials Science Department University of California, Davis, CA 
3 Materials Science and Engineering Department, North Carolina State University, Raleigh, NC 

ABSTRACT 

Wide band gap materials show promise for applications in coating of field emission tips. 
Recently nanocrystalline hexagonal GaN crystallites as small as 5 nm average diameter have 
been formed using reactive laser ablation of gallium metal in a nitrogenating ambient. In this 
paper we have investigated the performance of ungated emitter. 

Silicon tip arrays coated by dielectrophoresis of gallium nitride nanoparticles or 
nanocrystalline diamond clusters from an ethanol suspension. The emitters were evaluated and 
compared before and after the surface treatment using SEM images and I-V measurements in the 
diode configuration. The phosphor screen, used as the anode was spaced nominally 70 ]im from 
the cathode. A field emission characteristics were measured in a high-vacuum chamber at a 
pressure range between 10" 5 and 10' 8 Torr. The results suggest that the emitters benefit from 
coating the. surface with nanocrystalline diamond clusters in terms of reduction in the turn on 
voltage and increase in the uniformity of emission in low voltage operation. The long-term 
emission stability was studied over a period of 90 hrs. 

INTRODUCTION 

The presence of adsorbed species on the surface of the field-emitter tip can remarkably 
influence the behavior of electron emission based devices. The presence of the surface 
contaminants leads to unstable cathode operation. The desirable cathode surface is one that is 
chemically inert and has a low workfiinction. Hence potentially chemically inert emitter-tip 
overcoatings with wide band gap materials are preferred for a field emission system. 

The GaN or diamond nanoparticle cluster is deposited on the surface of the silicon 
emitters using dielectrophoresis technique. The device configuration considered for the surface 
treatment of the emitters is the "bed of nails" which is an array of un-gated single-crystal Si 
emitters placed in an area of 4 cm with a tip-to-tip spacing of 6\im. The emitters were formed 
from p-type (l-10Qcm) Si (100) substrates by the subtractive tip fabrication process. 

In this work, first results on emission from silicon emitters coated with nano GaN particle 
clusters are reported. We studied the field emission characteristics and emission stability before 
and after the emitter surface is coated with GaN nanoparticles or nanocrystalline diamond 
clusters over an operating cycle of 90 hrs. . 
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RESULTS AND DISCUSSION 



We tested the emission properties of the cathodes in a diode configuration. The 
packaging of the cathodes containing the array of ungated Si-tips for testing in a high vacuum 
environment is done by placing quartz spacers, 60 - 70 ^m thick between the cathode and the 
phosphor screen, which acts as an anode. 

Both the coated cathodes show an improvement in the long-term stability fluctuation as 
seen from the Fig 1. Cathodes coated with GaN nanoparticles clusters show significant 
improvement in the current. With the cathodes coated with GaN nanoparticle cluster, the current 
is more stable when compared with cathodes coated with diamond nanoparticle cluster. The 
improvement in the current stability is mainly due to the chemically inert intrinsic behavior of 
diamond and gallium nitride. It acts as a protective layer for the tip from ion bombardment. 



CONCLUSION 



In this paper we have studied the behavior of the cathodes coated with GaN nanoparticle and 
nanocrystalline diamond cluster over an operating cycle of 90 hrs. A comparative study show 
that emitters coated with GaN nanoparticle cluster show significant improvement in the current 
fluctuation. Both the coated cathodes show a stable operation during the course of this 
experiment. Further analysis of the current stability from both these cathodes are being studied 
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Fig.l I- characteristics observed over an operating period of 90 hrs for the cathode treated 
with (a) GaN nanoparticle clusters (b) with nanocrystalline diamond clusters 
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